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CHAPTER 1. RFLP and Southern Blot
( 1.1 ) Introduction
A restriction fragment length polymorphism (RFLP) signifies that, with restriction
endonuclease digestion, genomic DNA patterns differ from person to person due to
genetic variation. RFLP is usually caused by changes at a single genetic locus which
could be point mutations, random deletions or insertions. An insertion, if it contains a
restriction site, could decrease the fragment length and if not it would increase the length
of a fragment. Deletions could either increase or decrease the fragment length depending
on whether they are internal to or including the restriction sites. The presence of tandem
repeats in a hypervariable locus, due to unequal crossing over, also causes the loss or
addition of a recognition site for a specific restriction endonuclease. These multiform
changes can be recognized by the altered mobility of restriction fragments on agarose gel
electrophoresis. To be informative for genetic analysis, the polymorphic marker must lie
within 20 cM (20 million base pairs, 1 cM=1,000 kilobases) of the target locus . The
closer the RFLP is to the target gene, the less would be the likelihood of recombination
between them occuring. As probes detecting two loci get closer to each other, the
recombination fraction approaches zero. Accuracy can be increased further by using
flanking markers which are very close to both sides of the defective gene. To find
polymorphisms, a specific region on the genome has to be cloned and used as a probe.
Single copy DNA probes can detect DNA polymorphisms by hybridization following the
technique of Southern blotting. Other methods available for RFLP detection include
PCR-
SSCP ( Single strand conformational polymorphism ) [ Orita et al 1989] and enzymatic
digestion, the RNase protection assay [Kinzler et al 1991b] and denaturing gradient gel
electrophoresis (DGGE).
Discovery of restriction fragment length polymorphisms greatly facilitated the search
for human cancer genes. RFLPs obey simple Mendelian transmission. They are abundant,
and exist at any locus on an average of one
in every 500 base pairs of DNA. These
genotypic changes in DNA patterns reflect the frequency of gene alterations, making
RFLP a very specific genetic
alteration which can be used for linkage analysis and clinical
diagnosis. Colon cancer is the second most common cancer in the North American. The
lifetime risk of developing colon cancer is about 5%. RFLP markers could provide a
powerful tool for the presymptomatic screening of high risk individuals and reduce the
morbidity and mortality of colon cancer.
( 1.2 ) RFLPMarkers around the FAP Locus on Chromosome 5q21
The search for genes involved in colon cancer started eight years ago, after a case
report of a constitutional deletion of chromosome 5 in a mentally handicapped patient
with polyposis [Herrera et al 1986]. Familial adenomatous polyposis (FAP) is an
autosomal dominant disease predisposing to colorectal cancer. Although it is a rare cause
of colon cancer, FAP provides an ideal model for studying the genetic stages of a benign
tumor which will finally develop into malignancy. The defect in the adenomatous
polyposis coli (APC ) gene was mapped to chromosome 5 near bands 5q21-q22 a few
years ago. [Bodmer et al 1987; Leppert et al 1987]. In Bodmer's study, they used
lymphocytes separated from blood samples that were transformed by Epstein-Barr (EB)
virus as a permanent source ofDNA and selected five polymorphic DNA probes assigned
to chromosome 5 to test a total of 124 members of 13 FAP families. Among the probes
C11P11 (D5S71), L1.4 (D5S4), L1.7 (D5S1), LMS8 (D5S43) and pHexXbal, C11P11
showed evidence for close linkage to FAP. C11P11 reveals a TaqI polymorphism,
producing alleles of 3.9 kb and 4.4 kb with frequencies of about 0.29 and 0.08 plus a 5.0
kb constant band. The linkage of LI.4 to FAP is not significant, and LMS8, LI.7 and
pHexXbal showed no significant linkage with FAP. To relate the linkage data to the
deletion reported before, in situ hybridization on chromosome 5 using probes C11P11
and LI.4 was performed and C11P11 was identified to localize to 5q21-q22. The locus
map used for this analysis is shown in fig 1.
Another research group at the University of Utah Health Sciences Center isolated and
mapped six additional polymorphic DNA markers in the FAP region and revealed a new
marker, YN 5.48 (D5S81). YN 5.48 is 1 cM distal to the APC gene and is about 17 cM
distal to C11P11 in the genetic map. These markers are very close to the FAP locus.
Among them, MC 5.61 which is >10 cM distal to C11P1 1 also shows strong linkage to
FAP (Nakamura et al 1988).
Figure 1. Probes for different loci used for linkage test for
chromosome 5 analysis in Bodmer's experiment








For the further identification of the 5q21 genes responsible for FAP, Dr Vogelstein's
lab at the Johns Hopkins University [ Nishisho et al. 1991] cloned a relatively large
region from 5q21 containing the FAP locus using cosmid markers NY 5.64 and NY 5.48
which delimited an 8 cM region and cosmid markers EF 5.44 and L5.99 which bordered
a 4-cM region. To isolate clones representing this locus, they constructed a yeast
artificial chromosome (YAC) library that was screened with 5q21 markers, and six
contiguous stretches of sequence (contig) were obtained. After subcloning of these
contigs, six genes that are all expressed in normal colon cells were identified. They are
FER, MCC, APC, TBI, TB2 and SRP. Contig 1 contains the FER gene, which is
proximal to the FAP locus as judged by physical and genetic criteria. It is homologous to
tyrosine kinases with oncogenic potential. Primers designed to amplify the complete
contig sequence of FER
from the RNA of colorectal cancer cell lines resulted in a 2554
bp fragment. Only a GTG to CTG change creating a valine to leucine substitution at
codon 439 was observed. This substitution was found to be a common polymorphism by
amplifying the region surrounding this
codon from the DNA of individuals with FAP.
Based on these results, FER was considered unlikely to be responsible for FAP.
The predicted product of the TBI gene in contig 2 contains two local similarities to a
family of ADP, ATP carrier/translocator proteins. Except
for its location close to the FAP
region verified by a cross-hybridization approach, no other evidence linking TB 1 to
colorectal tumorigenesis exists in either sporadic or familial cancer.
The MCC ( mutated in colorectal cancer), TB2, SRP and APC genes are in contig 3.
When clones from these genes were used as probes on Southern blots containing tumor
DNA from sporadic colorectal cancer patients, point mutations ofMCC and insertions in
the APC gene were observed. TB2 and SRP are between MCC and APC; they have no
relation to the colorectal cancer. The MCC and APC genes are closely linked; the
3'
ends
of the encoding regions are separated by approximately 150 kb. There are some
similarities between the gene products ofMCC and APC. The predicted MCC protein
contains 829 amino acids. MCC shares a short region (19 amino acids) of homology with
m3 muscarinic acetylcholine receptor (mAChR ), a protein known to regulate the
specificity of G protein coupling. The predicted APC gene product has 2842 amino acids
which also contains similar structure of the mAChR that overlapped with the MCC
similarity. MCC was expressed in most normal tissues of the rat such as colon, brain,
kidney, bladder, and heart. APC was expressed in normal human colon mucosa, fetal
muscle, liver, skin, WBC, lymphocytes, fibroblasts, as well as various types of cancer
cells.
To screen for mutations ofMCC and APC, the genomic sequences of MCC and APC
exons were determined and used to design primers for PCR analysis. PCR products were
analyzed by a ribonuclease protection assay [ RPA]. RPA is based on the property of
RNase to digest ssRNA, rather than dsRNA. The sequence of interest is inserted in a
plasmid down stream of a bacteriophage promoter ( e.g. pUC118 ). The purified plasmid
is then restricted downstream of the inserted DNA and the linearized plasmid is
transcribed in the presence of a labeled rNTP precursor. The transcript should be
complementary to the RNA to be studied and an excess of probe is hybridized to its
target. Any RNA remaining SS is digested by one or more RNase. The size of the RNase
resistant probe and the amount of label is indicative of the size and amount of the target.
The results of PCR and RNase protection analysis demonstrated five variants of APC
among the 103 patients examined . One variant indicated a C to T transition in codon 414
that resulted in a change from arginine to cystine. Two variants indicated a C to T
transition in codon 302 that resulted in a change from arginine to a stop codon; the fourth
variant indicated a C to G transversion at codon 280, also resulting in a stop codon. The
fifth is the mutation at codon 713 resulting in a serine to stop codon. These changes were
not observed in any of 200 DNA samples from individuals without
FAP. The APC gene
gene mutation was also found in the somatic cells of sporadic colon cancer. In sixty
tumors screened by the RNase protection test and 98 tumors evaluated by sequencing of
pooled clones, three mutations were identified, each of which proved to be somatic. The
MCC gene was found to be somatically mutated only in sporadic colon cancer
patients'
DNA. No germ line mutations ofMCC were observed in FAP patients.
The determination of the APC gene structure obviated the need for a physical map to
find the gene and makes it easier to identify specific germ line mutations. By using
DGGE, eight novel germline APC gene mutations in exon 4,9,13, 14, and 15 from 33
unrelated Dutch FAP patients were identified [ Fodde et al 1992]. They are all
chain-
terminating mutations, resulting from base substitutions, base insertions or
microdeletions. The mutated codons are 169-171, 357, 541, 554, 564, 629, and 935. To
further investigate the nature of the APC gene mutations, Miyoshi et al examined the
entire coding region ofAPC in 79 unrelated patients with FAP using a RNase protection
analysis coupled with PCR and identified mutations in 53 of these kindreds. Among
these alterations, point mutations were found in exons 5, 6, 8, 9, and 12-15. All but one
of the 30 deletions or insertions were found in exon 15. 68% of the total mutations were
clustered within the
5'
half of exon 15 ( codons 713-1597). Using the same
methodologies, Nagase et al compared the location of germ-line mutations in the APC
gene in 22 unrelated patients. All but one of the mutations caused truncation of the gene
product by a frame-shift due to deletion or nonsense mutations. In another study, a small
region of the APC gene (codon 1256-1383) in both FAP and sporadic cancers was
screened by the analysis of single-strand conformation polymorphism (SSCP). 4 out of 5
of 40 FAP patients had codon 1309 deletion. Table 1 summarizes the APC gene
mutations in germ line or somatic cells so far discovered ( Nishisho et al 1991, Groden
et all991, Miyoshi et all992. Nagase et al 1992, Olschwang et al 1993, Varesco et al
1993).
Table 1 . Mutations of the APC gene in germ line and somatic DNA




280 TCA -TGA Ser -Stop
302 CGA -TGA Arg-Stop
332 CGA TGA Arg-Stop
169-171 AATAGATAGT-AATAGT Frameshift
357 ATC-AATC Frameshift
414 CGC - TGC Arg - Cys
438 CAA/GTAA- CAA/GCAA Splice donor
553 Tip-Stop
541 CAG-TAG Gin - Stop








713 TCA TGA Ser -Stop
784 TCT-ACT Ser -Thr
794 AGTC-ATC Deletion
806 CATGA-CGA AT deletion
827 AAT-AAATT AT insertion









1055 ATAATAGA-AGA TAATA deletion




































































APC gene mutations are considered the earliest change found in the development of
colon cancer. Although the entire APC cDNA has been cloned and sequenced [ Joslyn
1991; Groden 1991], it is a formidable task to detect the responsible mutation directly,
because more than 50 genetic alterations of the APC gene have been reported which are
scattered all over the 9.5 kb transcript. Also, families who carry rare mutations still
require DNA probe-derived risk estimations. Therefore, polymorphic markers will be
needed for routine screening of APC gene mutations and to confirm the results of
mutation analyses. For this purpose, many polymorphic probes have been developed.
Some commonly used are listed in Table 2. The polymorphism probes from D5S81 to
D5S86 ( see table 3) were derived from a somatic hybrid cell line, HHW144, in which the
human component consists of about 40% of chromosome 5q. After partial digestion of the
DNA with Sau3 Al and fractionation, 35-45 kb mean size DNAs were collected. Then
genomic DNA and vector DNA were ligated, and subclones were obtained by
transformation. By using colony hybridization, cosmid clones containing human DNA
inserts were selected. By linkage analysis, six polymorphic clones from D5S81 to D5S86
were identified to be in the vicinity of the FAP locus [Nakamura et al. 1988]. Probes
pL5.62 and pEF5.44 are subclones from cosmids selected from the above genomic cosmid
library. pL5.62 is a 10.5-kb with a Bgll fragment cloned into the BamHI site of pUC18;
pEF5.44 is a 2.3-kb sequence with Mspl fragment cloned into the AccI site of pUC18
[Kinzler et al 1991]. pi227 is a 0.9 Kb fragment cloned into vector piAN7 EcoRI and
Hind III sites. CI 1P1 1 is a 3.6 Kb fragment cloned into the EcoRI sites of pUC8 [Bodmer
et al 1987]. YN5.48 is a 2.4-Kb sequence with a TaqI fragment cloned into the AccI site
of pUC18 [Nakamura et al 1988]. ECB27 (D5S98) is a 2.8-kb sequence of Sail fragment
in phage lambda [Varesco et al 1989]. pi227 and C11P11 are 5 cM proximal to the APC
gene, and YN 5.48 is located 17 cM distal to C11P11 and 1 cM distal to the APC gene.
Probe KK5.33 is closer to the APC gene than probes C11P11 and pi227. As more
polymorphism probes are available, a genetic linkage map close to the gene for FAP on
chromosome 5q21 was constructed (Ward et al 1993). The locus order could be
centromere pi227
C11P11- ECB27-K5.33-L5.62-EF5.44-APC-YN5.48- MC5.61-
EF5.5 - telomere [ see figure 2].
Table 2. Information of construction of probes in Chromosome 5 q21-22 region













C11P11 detects a two allele RFLP after TaqI digestion with bands of 4.4 kb and 3.9
kb. ECB27 detects a two allele RFLP of 11.9kb and 10.5 kb Bglll. YN 5.48 detects a 6.0
and 3.6 kb Taql derived RFLP. If probe combinations of YN5.48 and CI IP 11 are used,
the accuracy of prenatal diagnosis of polypsis reaches 99.8% as these markers flank both
sides of the defective gene. Based on Dunlop's study using six linked DNA probes, the
frequency of probe informativity was: 7i227 = 83%, YN5.48 =51%, L5.62 =46%,
C11P11= 41%, EF5.44 =24% and ECB=27.2%. [Dunlop 1991]. Using four closely linked
DNA probes, C11P11, YN5.48, pi227 and ECB27 to analyze 20 United Kindom family
with polyposis [ Cachon-Gonzalez 1991], the APC gene has shown to have linkage with
at least one of the probes used, except for ECB27, linkage are sufficiently high to allow
the presymptomatic diagnosis. Linkage analysis calculates the odds for or against the
association of a DNA marker ie, a segment of DNA, expressed as a LOD score. LOD
score is calculated by the log 10 of the odds ratio. A LOD of +3 or more indicated a
significant probability that the DNA marker is linked to a disease, while a LOD score of
-2 or less indicats a significant probability that there is no linkage (J.C Segen 1992). In ten
Australian familial adenomatous polyposis families, the accuracy to identify affected and
unaffected individuals by probes C11P11, ECB27 and YN5.48 approched 100% [ Koorey
1992], although C11P11 has limited utility for family studies because of its low
informativeness [Paul. P 1990]. Another study [Tops 1991] showed that pi227 and YN
5.48 closely flank the APC locus which would allow a 99.9% reliability to make prenatal
or presymptomatic diagnosis of APC. The application of some new markers can improve
the informativeness and accuracy further. [Olschwang et al 1991, Spirio et al 1993]. The
allele size of some commonly used hybridization probes are summarized in table 3. Some
of their genetic maps are shown on figures 3 and 4.
Table 3. RFLPs markers mapped near the FAP locus on chromosome 5q21-q22
RFLPs (Locus) Restriction Enzyme AUele Size (kb)




*YN5.48 (D5S81) Taql/Mspl 6.0
3.6










KK5.33 (D5S85) TaqI 9.0
8.0




























Figure 2. The map of polymophism makers near the
































Figure 4. The genetic map of probe CI 1P1 1
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(1.3) The Mechanism of Southern hybridization
The Southern blot is a commonly used procedure to detect DNA polymorphisms.
However, the original method uses 32P for detection. Due to its long exposure time and
the hazards of use and disposal of radioactivity, nonradioactive DNA detection systems
have been developed. One of the approaches for a non-radioactive Southern blot is the
biotimstreptavidin conjugate enzyme system, in which a biotin/streptavidin interaction
links the alkaline phosphatase to the target DNA and BCIP/NBT is used for colorimetric
detection. Another is a chemiluminescent-based system. It uses biotin/streptavidin to
anchor the alkaline phosphatase to the DNA also, but a chemiluminescent substrate
Lumigen-PPD is used for detection. The Southern blot is based on the existence of
hydrogen bonds which pair adenine with thymidine and guanidine with cytosine between
the two strands of the DNA duplex. These hydrogen bonds can be disrupted at high
temperatures or by addition of solvent. This is called denaturation. With slow cooling or
changing solvent pH, ionic strength and viscosity, hydrogen bonds can be reformed
without significantly altering the molecular integrity of the strands. Due to this
renaturation property, a fragment of labeled nucleic acid can be introduced into the target
DNA and form a hybrid. After removal of the nonannealed( annealing is a reaction where
the complementary single strands of DNA forming the duplex molecule are of different
sources, ie hybrid molecules) probe by a series of washings, the labeled probe can be
detected by autoradiography or nonradioisotopic methods. The detectability of target
DNA is determined by the specific activity of the probe, the product of the concentrations
of the reactants and not individual concentrations. The amount of DNA transfered onto a
membrane does not necessarily lead to an optimal hybridization. The degree of
cross-
linking and the strength ofDNA binding to the membrane are more important determing
factors. As high probe concentrations are obtained, single gene mutations in mammalian
DNA become detectable.
A Southern blot basically involves three steps: 1. agarose gel electrophoresis of
restriction endonuclease cut DNA. 2. Transfer ofDNA on a membrane for hybridization;
3. detection of target DNA with a labeled probe. An agarose gel has pores of different
sizes and can resolve 100-25,000 bp molecules. Around pH7.0, DNAs are negatively
charged and will move towards the anode in an electrophoretic field. Smaller molecules
14
move faster and larger ones slower. Thus, DNA fragments can be separated based on
their sizes. The migration of linear DNA is inversely proportional to the log of the
molecular weight. The concentration of agarose gel and voltages that are applied to it
also affect fractionation of DNA. The lower concentration and the lower voltage, the
better the fractionation of large DNA molecules. When large DNA fragments are
involved, complete transfer to a membrane can be difficult. Therefore, to allow effective
transfer, depurination by soaking the gel in 0.2 M hydrochloric acid to remove a guanine
molecule from DNA strands is needed to allow cleavage of phosphodiester bonds at the
depurinated sites and, upon subsequent denaturation by sodium hydroxide, nicks are
generated in the DNA sequence, resulting in a breakdown of long DNA fragments into
small fragment of nucleotides. For restriction digestion of the genomic DNA, type II
endonucleases are chosen as they recognize specific sites and cleave DNA at just these
sites. The restriction enzymes can recognize four to eight base pair sequences. The
























After immobilization ofDNA to a membrane, it has to be completely dried and cross
-
linked by UV light which will create a covalent bond between the NH2 groups of the
nylon membrane and the UV-activated thymine groups of the nucleic acid. This will fix
DNA permanantly to the filter. Then, a short period of prehybridization is needed to
block the nonspecific binding sites on the membrane and to equilibrate the membrane to
the hybridization conditions.
To detect the DNA on the filter, the complementary single stranded probe DNA has to
be labeled. The commonly used procedure to label the probes is nick translation (Rigby
et al. 1977) and random priming (Feinberg et al 1983). In nick translation, DNase I is




phosphate ) randomly in the ds DNA. Then polymerase I which has
both
5'-3'




end and integrate labeled nucleotides into the free
3'
hydroxyl end in the nick to
synthesize a new strand. The nick translated probe usually produces a specific activity of
2 X 108 dpm or greater. For colorimetric detection of the hybrids using a nick translated
probe, BCIP ( 5-bromo-4-chioro-3-indolyl phosphate)/NBT (nitroblue tetrazolium) is
commonly used. Alkaline Phosphatase (APase) hydrolyzes the phosphomonoester bond
in BCIP and results a hydroxyl group on the indoxyl moiety. The hydroxyl group
equilibrates with the ketone form. The ketone form of the BCIP dimerizes to the
insoluble 5,5'-dibromo-4,4'-dichloro-indigo molecule which releases hydrogen. This
hydrogen will reduce NBT to diformazan that produces an intense purple color. [ P
Tijssen 1993]. The chemical reaction is as follows:






For their chemical structures see Figure 5:
Random priming labeling creates higher activity than nick translation ( >
109
dpm/ug). In this approach ( see figure 6), primer DNA with random sequences are
annealed to single stranded DNA, where they serve as templates for elongation when
four dNTPs, one of which is labeled, and the Klenow fragment, which is a portion of
bacterial DNA polymerase I derived by proteolytic cleavage and lacks the 5 'to
3'
exonuclease activity of the intact enzyme, are added. DNA synthesis is initiated at
several sites by the polymerase activity of the Klenow fragment. For chemiluminescent
detection most suppliers suggest the use of the random priming labeling method, which
requires that the probe be linear. So probe DNAs are cut by restriction enzyme with or
without separation of insert and vector. However, nick translation labeling yields a more


























Figure 5. The chemical reaction of colorimetric detection with BCIP/NBT
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Chemiluminescent based systems ( see figure 7) involve three steps to generate a
nonthermal emission of electromagnetic radiation ( light). 1. absorption of energy from
oxidation when the dephosphorylation caused by alkaline phosphatase of a dioxetane
structure, lumigen-PPD ( disodium 3-(4-methoxyspiro-[l,2-dioxetane-3-2'-tricylo[3.3.
1.1.] decan)-4-yl]phenyl phosphate) takes place. 2. Excitation. 3. Emission of energy in a
visible portion of the spectrum. Alkaline phosphatase is connected to the target nucleic
acids by a biotin/ streptavidin interaction in which biotin is incorporated into the
hybridization probes. The enzymatic dephosphorylation of 1,2- dioxetane structure
leads to decompositon of the Lumigen PPD substrate which produces a long-lived
yellow-green light at 477 nm. This light can be detected on x-ray film with proper
exposure time [ Tijssen P 1993].
1.4 Statement of Purpose
The biotin:streptavidin conjugate enzyme system has been used efficiently to detect
prokaryotic DNA alterations. And the chemiluminescent system developed in recent
years showed improved sensitivity and the speed of detecting both prokaryotic and
eukaryotic DNA. Both systems are rapid techniques compared to radiolabled detection
system. However, their reproducibility and sensitivity in the detection of mammalian
DNA have not been well documented. Now, radioactive detection is still the most widely
used technique in medical research labs. If nonradioactive detection could be verified as
sensitive as radioactive detection it will shorten the experiment time and reduce
radioactive waste and cost which has both environmental and economical benefit.
Therefore, we used polymorphic probes that are linked to the familial adenomatous
polyposis locus on chromosomes 5 to do Southern hybridization to test the efficacy of
the two nonradioactive systems on the detection of human genomic DNA alterations. For
comparison, 32P labeled probes were also used for hybridization analysis of DNA blots.
18
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Figure 7. Enzymatic catalyzed reaction of PPD
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CHAPTER 2. Materials and Methods
(2.1) Materials:
Bacterial strain: Escherichia coli JM 83
F"
ara A (lac- proAB) rpsL 80d lacZ AM 15
r+K m+K ( Provided by Dr. Rothman )
Probes: CI 1P1 1 (D5S71) a 3.6 kb single strand human DNA cloned into the EcoRI sites
of pUC8, which detects a two allele RFLP after TaqI digestion
with bands of 4.4 kb and 3.9 kb.
YN 5.48: 2.4 Kb fragment cloned into the AccI site of pUC18, which recognizes
6.0 kb and 3.0 kb allele RFLP after TaqI orMspl digestion.
EF 5.44: 2.3 Kb fragment cloned into the AccI site of pUC18 which detects
2.9kb and 2.1 kb RFLP afterMspl digestion.
L 5.62: 10.5 Kb fragment cloned into the AccI site of pUC18 which detects 9.0
kb and 5.5 kb RLFP after Bglll digestion.
( Probe DNAs were kindly provided by Dr. B. Shannon Danes of Cornell
Medical College)
Genomic DNA: Purified from normal fibroblast cell, adenomatous colorectal cell,
colon cancer cell, other cancer and Gardner's syndrome cell.
( Above cell lines were provided by Dr. B. S. Danes. She also provided us with
genomic DNA purified from the above cell lines)
Media and Reagents:
L B broth / LB agar : Tryptone 10 g ( Difco lab 0123-01 ), yeast extract 5 g ( Difco Lab
0127-01), NaCl 10 g ( JT Baker Inc 3624-01), mixed with 1L ddH20 1L.
Autoclave the liquid. Add 20 g of agar to make LB agar.
MacConKev Agar/ Ampicillin: MacConkey premixure contains Peptone 17 g, proteose
peptone 3 g, lactose 10 g, bile salts 1.5 g, NaCl 5 g, agar 13.5 g,
neutral red 0.03 g, crystal violet 0.001 g. Weight 50 g ofMacConkey
powder, mix with 1 L ddH20 and autoclave. Then, when it is cool, add
25mg/ml ampicillin to a final concentration of 30 ug/ml.
SET buffer: 20% sucrose, 50 mM Tris-HCl, 50 mM EDTA.
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Mix 5 ml 1 M Tris, 10 ml 0.5 M EDTA and 20 g sucrose, then add
ddH20 to a total volume of 100 ml.
TEN buffer: 10 mM Tris, 1 mM EDTA, 10 mMNaCl. Mix 90 ml ddH20, 1 ml Tris, 0.2
ml 0.5 M EDTA, 0.2 ml 5 M NaCl, then add 8.6 ml ddH20
to a total volume of 100 ml.
TE buffer: 10 mM Tris pH7.6, 1 mM EDTA.
Mix 0.4 ml 0.25 M EDTA, 1 ml 1 M Tris to 98.6 ml ddH20.
TES Buffer: 1 M Tris pH 8.0, 0.25 M EDTA pH 8.0, NaCl 0. 15 g. ddH20 46.5 ml.
TSM Buffer: 0.1 M Tris pH 9.5, 0.1 M NaCl, 50 mM MaCl2.
NaCl/SDS: 0.5 N NaCl 2 ml, 10% SDS 0.5 ml, ddH20 2.5 ml.
25% Sucrose: 1 M Tris pH 8.0 2.5 ml, 0.25 M EDTA 0.2 ml, 12.5g Sucrose, adjust
volume to 50 ml.
Triton X 100 Lytic Mix: 10% Triton X-100 1ml, 0.25 M EDTA pH 8.0 25 ml
1 M Tris pH 8.0 5 ml, ddH20 69 ml.
RNase Solution: 0.1 M Na Acetate, 0.3 mM EDTA pH 4.8, 10 mg/ml RNase in above
solution. Heat it at 80 C for 10 min.
Dialysis Buffer: 1 M Tris 40 ml, 0.25 M EDTA 8 ml, ddH20 4 L.
20X SSPE buffer: Dissolve 174 g ofNaCl, 27.6 g of NaH2P02 . H20, 7.4 g of
EDTA in 800 ml ddH20. Adjust pH to 7.4 and adjust volume to 1L,
sterilize by autoclaving.
20 XSSC buffer : Dissolve 175.3 g ofNaCl, 88.2 g of sodium citrate in 800 ml of
ddH20, adjust pH to 7.0 and adjust volume to 1L. Sterilize by
autoclaving.
1 x TBE Buffer: 10. 8 g of Tris base, 5.5 g of boric acid and 0.74 g of EDTA dissolved
in 1L ddH20.
Lysozvme: 10 mg/ml lysozyme in TEN buffer
Proteinase: 2 mg/ml proteinase in TEN buffer
( 1 M Tris, 5 M NaCl, 0.5 M EDTA used in different buffers were premade stock
solutions).
BluGENE Nonradioactive Nucleic Acid Detection System ( BRL life Technologies
Inc)
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a. 280 ul streptavidin-alkaline phosphatase (SA-AP) conjugate
1.0 mg/ml in 3 M NaCL, 1 mM MgCl2, 0.1 mM ZnCl2, 30 mM
triethanolamine pH 7.6.
b. 2 ml nirroblue tetrazolium (NBT)
75 mg/ml in 70% dimethylformamide.
c. 2 ml bromo-4- cjloro-3-indolylphosphate (BCIP) 50 mg/ml in
demethyIformamide .
d. 25 ul biotinylatedDNA 200 pg/ul biotinylatedDNA, 0.2 ug/ul sheared
herring sperm DNA in 6x SSC.
e. 2.0 ml DNA dilution buffer.
0.2 ug/ul sheared herring sperm DNA in 6x SSC.
Stock solutions for nitrocellulose membrane
20x SSC: 3 M sodium chloride, 0.3 M sodium citrate (pH 7.0).
50x Denhardt's solution: 1% Ficoll, 1% Polyvinylpyrrolidone, 1% BSA Fraction V.
Salmon sperm DNA (lOmg/ml): Dissolve 250 mg salmon sperm DNA in 25 ml
ddH20 at 4 C overnight. Then, use a syringe to shear the DNA for a few times,
denature it by boiling and cooling. Store at -20 C.
Prehybridization solution
50% formamide, 5x SSC, 5x Denhardt's solution, 25 mM sodium phosphate
(pH6.5), and 0.5 mg/ml freshly denatured salmon sperm DNA.
Hybridization solution
45% formamide, 5x SSC, lx Denhardt's solution, 20 mM sodium phosphate
(pH 6.5),
0.2 mg/ml freshly denatured salmon sperm DNA, 5% dextran sulfate and 0. 1
to 0.5 ug/ml freshly denatured probe DNA.
Blocking solution: 3% bovine serum albumin in Triton X-100 buffer.
Buffers for BluGENE detection system
Buffer 1: 0.1 M Tris-HCl (pH 7.5), 0.15 M NaCl.
Buffer 2: 3% bovine serum albumin in Buffer 1.
Buffer 3: 0.1 M Tris-HCl (pH 9.5), 0.1 M NaCl, 50 mM MgCl2 (TSM buffer)
Dve Solution: 59.4 ul NBT, 45.0 ul BCIP, 13.5 ml Buffer 3.
5% SDS : Sodium dodecyl sulfate, 5 g/lOOml.
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Solution D: 300 mM Na2EDTA (pH 8.0) ( Stop Buffer)
Millipore Random Priming Kit
5X labeling mixture :
Biotinylated random octamers 0.3 ml;
dNTP Mixture: 1 mM dATP, ImM dCTP, ImM dGTP, 0.65 mM dTTP
0.35 mM biotine-16-dUTP.
Klenow polymerase: DNA polymerase I large fragment 5 units/ul, supplied in
100 mM KP04 (pH 6.5), 1 mM DTT, and 50% glycerol.
Unbiotinylated control DNA: 0.5 g/L Hindlll-digested lambda DNA 0.025 ml
Pre-biotinylated size markers 0.02 ml.
Nuclease free water.
Reagents for blotting in PoIarPlex system
Denaturation solution: 500 mM NaOH, 1.5 M NaCl, 20 g NaOH, 87.7 g NaCl,
lLofddH20.
Neutralization solution: 1 M Tris, 1.5 M NaCl (pH 7.5), 121. lg Tris-base, 87.7
g NaCl. Dissolve in ddH20, adjust pH to 7.5 and total
volume 1 liter.
Reagents for probe labeling
500 mM EDTA pH8.0. 18.6 g of
Na2EDTA- 2H20 to 80 ml ddH20, adjust the
pH to 8.0 and total volume 100 ml.
4 M LiCl: 1.6 g LiCl , 8 ml H20 and adjust to total volume 10 ml.
TE Buffer : 10 mM Tris (pH 8.0), 1 mM EDTA.
Reagents for Hybridization
Prehybridization/hybridization solution : 6x SSC, 5x Denhardt's reagent, 0.5 %
SDS, 100 ug/ml denatured salmon sperm DNA.
Reagents for Detection
Blocking Solution: 5% SDS, phosphate pH 7.2, 17 mM Na2H2P04i 8 mM
NaH2P04, 127 mM NaCl, 173 mM SDS.
Wash Solution I: 0.5% SDS, phosphate, pH 7.2.
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10 X Wash Solution II: 100 mM Tris, 100 mM NaCl, 10 mM MgCl2, pH 9.5.
Buffer S: 10 mM phosphate, 150 mM NaCl, 0.05% sodium azide, pH 7.2.
Reagents for radioactive labeling DNA probe
USB Random Primed DNA Labeling Kit:
50 ul dATP, 0.5 mM, 50 ul dCTP, 0.5 mM, 50 ul dGTP,
0.5 mM, 50 ul dTTP, 0.5 mM.
100 ul random hexanucleotide mixture in 10X concentrated reaction buffer.
50 ul Klenow enzyme, 2 units/ul.
25 ul Lambda control DNA.
Prehybridization/ hybridization solution: 50% formamide, 5x SSPE, 5x
Denhardt's solution (0.1% polyvinylpyrrolidone, 0.1% Ficoll, 0.1% bovine
serum albumin), 1% SDS, 5% dextran sulfate, and 100 ug/ml of salmon sperm
DNA.




















37 C in medium salt buffer.
( 2.2 ) Amplification of polymorphic probes by
transformation into E Coli JM83
(2.2-1) Prepare competent E. coli for
transformation
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a. Add 5 ml E. coli ( 5xl07) into 20 ml LB broth, incubate at 37 C for 90 min;
b. Place JM 83 E. coli liquid into two polypropylene tubes, 10 ml for each, centrifuge
for 5 min at 7,000 rpm, discard the supernatant;
c. Add ice-cold 0.05 M CaCl2 10 ml to each tube, vortex tubes for seconds and stand
on ice for 20 min.;
d. Centrifuge for 5 min. at 7000 rpm at 4 C, pour off the supernatant. Resuspend the
pellet with 1.5 ml of 0.05 M ice-cold CaCl2.
e. Transfer 200 ul of CaCl2 treated E. coli to five separate tubes. In each tube, add
probes C11P1 1, YN 5.48, EF5.44, L5.62 separately and one blank as control;
f. Place tubes on ice for 15 min and in 37 C water bath for 2 min.;






serial dilution for each probes. Plate samples on
MacConkey agar and LB agar;
b. Incubate plates in a 37 C incubator overnight;
c. Select 2-3 colonies fromMacConkey plates, inoculate in 2 ml LB broth at 37 C
overnight.
( 2.3 ) Rapid miniisolation of transformants
a. Transfer 2 ml of LB broth culture into Eppendorf tubes, centrifuge 2 min. at
Eppendorf centrifuge;
b. Discard the supernatant with Pasteur pipet;
c. Add 100 ul of lysozyme ( 4 mg/ml ) in TEN buffer into each tube;
d. Leave tubes for 5 min. at room temperature;
e. Add 200 ul NaOH + SDS to each tube and stand on ice for 5 min.;
f. Add 150 ul ice-cold potassium acetate, mix by vortexing, stand on ice for 5 min. and
spinning for 5 min.;
g. Transfer the supernatant to a fresh Eppendorff tube, add 450 ul phenol/chloroform,
centrifuge at 15,000 rpm for 2 min. x 2;
h. Add 2 volume of 95% of ethanol and stand on ice for 10 min., and centrifuge for 5 min.
Run a 1% of agarose gel to check the purity of probes after restriction
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endonuclease digestion of the probes.
I. Pour off the ethanol and leave tubes dry in 37 C for 30 min. ;
J. Add 50 ul TE/RNase (20 ul/ml) to each tube.
( 2.4 ) Large scale purification of four polymorphic probes by cesium chloride
density ultracentrifugation
a. Prepare 1 L ofLB broth in an Erlenmeyer flask and autoclave at 15 pounds for
20 min.When it is cool, add 25 mg/ml of Ampicillin to a final concentration of 25
ug/ml;
b. Inoculate Ampicillin resistant transformants grown on MacConkey media into LB
broth, incubate with shaking at 37 C overnight;
c. Transfer LB broth to a 250 ml polypropylene bottle, centrifuge at 9,000 rpm for
5 min. at 4 C in Sorvall GA-A Rotor;
d. Resuspend pellets in 15 ml of ice-cold TES buffer and transfer to a 50 ml of
polypropylene tube;
e. Centrifuge 10,000 rpm for 5 min. at 4 C;
f. Add 2 ml of ice-cold 25% sucrose, stay on ice for 30 min.;
g. Add 0.4 ml lysozyme ( 5 mg/ml in 0.25 M Tris), mix and stand on ice for 10 min.;
h. Add 0.8 ml of 0.25 M (pH 8.0) EDTA, mix and stand on ice for 10 min.;
i. Add 3.2 ml ofTriton X 100 lytic mix, vortex gently and stand on ice for 20 min.;
j. Centrifuge the lysate at 17,000 rpm at 4 C for 30 min.;
k. Transfer the supernatant to plastic disposable centrifuge tubes, add 4 ml of TES
and 9.8g CsCl to each tube;
1. Transfer the supernatant to ultracentrifuge tubes, add 0.2 ml of ethidium bromide
for each tube and occupy the space left with mineral oil,
seal tubes and balance
them and centrifuge for 48 h at 40,000 rpm;
m. Stop the ultracentrifuge and collect the DNA bands
from each tube with syringe
by puncturing beneath the band using a UV visualization;
n. Use CsCl/Isopropanol to wash out ethidium bromide for two times and dialyze the
samples with dialysis buffer overnight;
o. Store the probes in Eppendorf tubes at 4 C.
Run a 1% agarose gel to check the quantity and purity
of probes after restriction
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endonuclease digestion.
( 2.5 ) Spectrophotometric measurement of probe DNA concentration
a. Dilute the samples at 1:20 (50 ul sample DNA and 950 ul TE) with TE Buffer
to a total volume of 1ml and use 1 ml ofTE buffer as control;
b. Samples are measured at 260 nm and 280 nm separately.
( 2.6 ) Purification of genomic DNA from skin fibroblast cell culture medium
A. Lysis of cell
a. Decant medium from flask, and wash the monolayer with 5 ml ofTrypsin/versene,
then decant fluid;
b. Add 5 ml of trypsin/versene, incubate the flask for about 15 min. Untill
cells loose;
c. Pipette trypsin/versene solution into a plastic centrifuge tube and centrifuge for
3 min. at 800 rpm;
d. Decant fluid phase and drain the tube with paper towel;
e. Resuspend the pellet in 1 ml of TE buffer;
f. Lyse cells by adding 100 ul of 10% SDS to a concentration of 1%;
g. Add proteinase K to a concentration of 400 ug/ml and incubate overnight at 37 C;
B. Extraction of DNA
a. Add equal volume of buffered phenol, gendy invert to complete mixing;
b. Stand on ice for 20 min.;
c. Spin at 1,500 rpm for 10 min. to separate phases;
d. Collect aqueous phase;
e. Extract aqueous phase with an equal volume of a 24:22: 1 mixture of buffered phenol,
chloroform, and isoamyl alcohol;
f. Leave the tube on ice for 20 min.;
g. Spin 1,500 rpm fro 10 min. and collect aqueous phase;
h. Extract aqueous phase with an equal volume of 24:1 mixture of chloroform and
isoamyl alcohol;
i. Place the tube on ice for 10 min.;
j. Spin at 1,500 rpm for 10 min. and collect aqueous layer;
28
C. Precipitation andWashing ofDNA
a. Add 1/10 of volume of 5 M NaCl to aqueous layer and invert the tube to mix;
b. Add 2.5 volumes of 99% ethyl alcohol and invert the tube to mix. Leave at room
temperature for a few minutes;
c. Use a sealed, bent glass pipette tip to remove the gelatinous, silver-white
DNA precipitate;
d. Invert pipette to let alcohol drip off and place precipitate in 1-2 ml of TE buffer.
( 2.7 ) Southern Blot- by Nonradioactive Nucleic Acid Detection System
( 2.7 -A) BluGENE detection kit.
( 2.7-A1) Restriction Endonuclease Digestion ofGenomic DNA
Enzymes used: Genomic DNA:
CI 1P1 1 TaqI Colon cancer
YN5.48 MspI/TaqI Gardner syndrome
EF5.44 Mspl Normal individuals
L5.62 Bglll ACR
pi 227 PstI Other cancers
Reaction Mixture:




Incubate the samples at 37 C or 65 C (for TaqI) 6 h or longer.
( 2.7-A2) Agarose Gel Electrophoresis:
Run at 0.8% agarose gel ( TBE buffer 100 ml + 800 mg agarose ) at 25 volts
overnight.
Photograph the gel. (Before pouring the gel add 3 ul 15 mg/ml ethidium
bromide into the gel ).
( 2.1A3) Depurinate and denature the
gel
1. For Nitrocellulose membrane
0.25 M HC1 wash 15 min. twice at room temperature;
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1.5 M NaCl/0.5 M NaOH wash 10 min. twice with shaking;
1.5 M NaCl/lM Tris CI wash 10 min. twice with shaking.
2. For Immobilon membrane
0.25 M HC1 wash 15 min. twice at RT;
Rinse the gel with dH20;
0.6M NaCl/0.4 M NaOH wash 30 min. twice;
Rinse the gel with dH20;
1.5 M NaCl/0.5 M Tris wash 50 min.twice.
(2.7-A4 ) Set Up the Transfer
1. For Nitrocellulose membrane:
lOx SSC submerges 1/3 support paper in the glass tray, place 3 pieces of 3
MM paper wet by 2x SSC; wet the filter with ddH20 first then in 20x SSC
for 10', place the gel facing up on 3 MM paper, roll out the bubbles and put
the filter on the gel. Wrap the edges in parafilm or Saran wrap;
Place 2 pieces of 2x SSC wet 3 MM paper and two pieces of dry ones on the
filter, put 4 inches paper towel and 1 Kg weight on it, and wrap the whole
thing. Leave it at room temperature overnight.
2. For Immobilon membrane:
1Ox SSC submerges the support paper and fill 2.5 inches lOx SSC in the
tray. Wet the Immobilon in 95% of ethanol for 1 min.. Place Immobilon on
the gel and cover with 3 pieces of lOx SSC wet 3 MM paper and cover the
edges with parafilms Place 1 piece of dry 3 MM filter paper on the top. Put
4 inches of papertowel and 1 Kg weight on it. Wrap the whole thing and
leave it at room temperature overnight.
(2.7-A5 ) Prehybridization
For Nitrocellulose membrane
1. Take apart the membrane, and bake the filter for 1 hour in 80 C vacuum
oven;
2. Soak the filter in 6x SSC to hydrate for 5 min.;
3. Incubate the filter in prewash solution for 90 min at 42 C;
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4. Place the filter into the a hybridization bag, add 10 ml prehybridization
solution with denatured salmon sperm DNA (lOmg/ml) 15 ul ;
5. Incubate the filter at 42 C for 6 hours.
For Immobilon membrane
1. Take apart the filter. Dry it at 80 C for 30', and 254 nm UV crosslink for
3'
;
2. Soak in 2x SSC for a while and place in a hybridization bag;
3. Add 10 ml prehybridization solution;
4. Incubate at 65 C for at least an hour.
( 2.7-A6) Label probes by nick translation
1. Add reagents as following order: ( for 2 ug of probe)
10 ul dTTP, dCTP, dGTP mixture
10 ul biotin-7-dATP
2 ug of probe DNA
10 ul DNA polymerase I/DNAse
65 ul H20
2. Incubate mixture at 14-15 C ofwater bath for 2 hrs;
3. Add 10 ul of solution D ( stop buffer ), 2.5 ul of 5% SDS;
4. Load labeled probe onto Sephadex G 50 column, spin down at setting 3 for 2 min;
5. Store the probe at -20 C.
( 2.7-A7 ) Hybridization
1. Remove half of the prehybridization solution, and add denatured probe DNA;
2. Incubate the nitrocellulose filter at 42 C overnight and Immobilon 65 C overnight.
(2.7-A8 ) Post-hybridization washes
1. Wash in 2x SSC/0.1% SDS for 3 min. twice at room temperature;
2. Wash in 0.2 SSC/0.1% SDS for 3 min. twice at room temperature;
3. Wash in 0.16x SSC/0.1% SDS for 15 min twice at 50 C;
4. Briefly rinse in 2x SSC at room temperature.
(2.7-A9) Filter Blocking
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1. Incubate filter for 1 h at 65 C in buffer 2 ;
2. The filter can be vacum dried at 80 C at this step. The dried filter has to be
rehydrated in Buffer 2 before preceeding to next step;
3. Add lug/ml of streptavidin-alkaline phosphatase conjugate in 12 ml buffer 1 .
Incubate at 37 C for 4 min. with moderate shaking;
4. Wash filter with buffer 2 using 20-40-fold greater volume of buffer 1 than SA-
AP solution. Gently agitate filter for
15'
x 2, decant solution;
5. Wash filter once in buffer 3 for 10 min..
( 2.7-A10) Visualization
1. Freshly prepare 13 ml dye solution by adding 53 ul NBT, 42.5 ul BCIP,
incubate filter in the dye solution within a sealed BRL bag. Cover with
alumminum foil for 3 hours;
2. Terminate the color reaction by adding 20 mM Tris ( pH 7.5/0.5 mM Na2 EDTA).
Bake dry the filter.
( 2.7-B) Plex Chemiluminescent Kits
Following routine procedure for endonuclease digestion of genomic DNA and
agarose gel electrophoresis. For Southern blot the gel is prepared according to
manufacturer's instruction.
1. Wash the gel with .5 M NaOH /1.5 M NaCl for 30 min at room temperature
(RT) with shaking;
2. Wash the gel with 1M Tris/ 1.5 M NaCl for 15 min X 2 at RT with shaking;
3. Set up the transfer use 10 X SSC as transfer buffer, prewet the membrane with
2XSSC, leave the transfer overnight.
4 Take apart the paper towel, dry the membrane at 70-80 C for 30 min.;
5. Cross-link the membrane by 254 nm UV light for 2 min..
( 2.7-B 1 ) Random priming labeling ofDNA probes
Before random labeling, probe DNAs were cut by a restriction enzyme to be
linear or extracted from vector by the following procedure:
1 . Restriction digestion of CI 1P1 1 by EcoRI at 37 C for 3 hrs;
2. Run the sample in 0.8% agarose gel;
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3. Cut the 3.6 Kb band out of the gel;
4. Put the insert into a Eppendorf tube, leave in -20 C for 1 hrs,
5. Leave in 37 C water bath for 5 min.;
6. Crush the gel with a plastic bar, transfer to a filter unit;
7. Add 400 ul TE buffer, centrifuge at 12,000 rpm for 10 min.;
8. Add 400 ul phenol/chloroform, 95% ethanol and 4 M LiCl;
9. Leave in - 20 C for 1 hr;
10. Centrifuge for 10 min.;
11. Discard the supernatant;
12. Use 70% ethanol wash for twice;
13. Vaccum dry for 30 min.;
14. 20 ul TE buffer resuspend the sample;
15. Take 1 ul and run on agarose gel to check concentration.




EF 5.44 -PstI or EcoRI
Incubate the probes at 37 C for 4 -16 hrs .
1. Dilute 10 to 20 ul ( 300ng-600ng) template DNA to a volume of 34 ul with
RNase free H20;
2. Denature the probe by boiling for 5 min and cool on ice for 5 min.;
3. Add the reagents in order as follows:
10 ul of 5X LabelingMixture ( random biotinylated octamers)
5 ul of dNTP mixture I (dCTP, dGTP, dATP and dTTP);
1 ul ofDNA Polymerase I (Klenow enzyme)
4. Incubate the mixture at 37 C for 20 hrs;
5. Add 2 ul of 0.5 M EDTA pH 8.0 to terminate the reactions;
6. Add 5 ul of 4M LiCl and 150 ul of ethanol;
7. Incubate the tube at -70 C for 30 min.;
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8. Centrifuge for 10-15 min., remove the ethanol supernatant;
9. Resuspend the probe in 20 ul of TB buffer.





serial dilution and spot 5 ul of each dilution set on a
membrane;
2 Dry the membrane and cross link the probe
3. Detection protocol same as for hybridization membrane.
( 2.7-B3) Prehybridizing the membrane
1. Soak the membrane in 6x SSC ( diluted from 20x SSC) for about 2 min.;
2. Place the membrane in the hybridization bag;
3. Add the Prehybridization Solution 0.04 ml/cm2 plus denatured salmon sperm
DNA 100 ug/ml. Seal the bag using a heat sealer;
4. Incubate the membrane for 1 fir at 68 C.
( 2.7-B4) Hybridizing the probe to the target DNA
1. Denature the biotinylated probe by boiling for 5 min. and cool on ice for
2 min.;
2. Add the denatured probe to the Prehybridization solution used above.
Incubate for 6 hr or overnight at 68 C;
3. Open the bag and save the hybridization solution;
4. Wash the membrane in 2X SSC/0.1% SDS at room temperature for
5 min. X 2;
5. Wash the membrane in 0.1X SSC/0.1%SDS at 68 C for 15 min. X 2;
6. Place the washed membrane in a new bag.
( 2.7-B5) Detection
1. Add blocking solution 0.05
ml/cm2
ofmembrane, incubate for 1 min at RT
with shaking;
2. Drain the blocking solution;
3. Add 0.05 ml /cm2 of blocking solution plus lug/ml of streptavidin;
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4. Incubate for 4 min. at RT with shaking;
5. Drain the streptavidin solution;
6. Add 0.5 ml/cm2 ofWash I Solution, incubate for 4 min X2 at RT with shaking;
7. Add 0.05 ml/cm2 of blocking solution plus 0.5 ug/ml biotinylated alkaline
phosphatase, incubate for 4 min at RT with shaking;
8. Wash in 0.5 ml/cm2 ofWash Solution II for 4 min. X2 at RT with shaking;
9. Draining the polythene bag;
10. Add 0.025 ml/cm2 of IX Lumigen-PPD and 10 ul/ml of 100X
Lumigen-PPD reagent;
11. Incubate for 4 min. at RT with shaking;
12. Drain the bag as thoroughly as possible;
13. Expose X-ray film to the membrane in the bag overnight.
(2.8) Southern Blot with Radioactive Labelled DNA probe
(2.8-1) P random primer labelling of DNA probes
1 . Dissolve 20 ng DNA in 10 ul of TE and boil for 10 min and place on ice to
cool;
2. Spin down the liquid and add:
3 ul dNTPs ( 1 ul of each): dTTP, dGTP, dATP
2 ul random primers buffer mixture
5ulof32PdCTP
3. Add 1 ul ofKlenow fragment. Mix and spin down liquid.
4. Incubate at 37 C for 2 hours.
5. Add 5 ul stop buffer ( 0.5 M EDTA, pH 8.0 ); warm at 65 C for a few
seconds before use.
(2.8-2) Determination of incorporated counts
1. Make a G 50 Sephadex column for each of the probes labelled;
a. Pack a 1 ml syringe to the top with G50 sephadex-spin down at
maximum speed for 1 min. Check for cracks in the column.
b. Add 250 ul ofTE buffer to the top, spin for 1 min.
c. Add 100 ul ofTE buffer to the top of column, spin 1 min, and repeat.
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the column on top of this.
3. Add a total volume of 100 ul of TE buffer on top of the column, spin for
exactly one min. Tube is now radioactive and the probe is ready to quantitate.
4. Use following formula to calculate the efficency of labelling:
Total counts CTs X 10 = A
Incorporated counts: CTs X 1.1= B
Label % = xioo
5. Place 200 ul ofTE buffer in a glass tube. Add 1 ul of the sample to the tube.
To determine total counts, place 20 ul of this solution to a GFC filter and
measure counts.
6. Add 100 ul of 10 mg/ml BSA and 1 ml of ice cold 10% TCA, mix and put
tube on ice for 10 min formeasurement of incorporated counts.
7. Prepare the suction apparatus. Put the entire sample in the glass tube onto the
fiter and dry the filter on the vacuum, remove and place in a scintillation vial
with 10 mis of scintillation fluid and read counts.
(2.8-3) Transfer procedure
After electrophoresis ofDNA digested with relevant enzymes, DNA was
transferred to the nylon membrane as above nonradioactive Southern blot
(2.7-A4).
(2.8-4) Prehybridization/hybridization
1. Add prehybridization solution and incubated the membrane for 6 hr at 42 C.
3. Add radiolabeled probes and hybridize for 40 hr at 42 C.
4. Wash the membrane twice for 5 min in 2x SSPE for 20 min at RT.
5. Wash twice for 20 min in 2x SSPE/0.5% SDS at 65 C for 20 min.
6. Wash the membrane in 0.5x SSPE at 65 *C for 10 min.
(2.8-5) Detection
1. Hybridized membranes were exposed to KodakX-ray film for 5 days at
- 80 C.
2. Develop the film.
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CHAPTER 3. Results
(3.1 ) Preparation of probe DNA and Chromosome DNA
Probe DNA's were transformed into E.Coli strain/M 83.The transformants were
selected by ampicillin resistance on MacConkey agar. The transformants recovered on
MacConkey and LB media after overnight incubation are listed in table 4. Three or four
colonies of each transformant were incubated in 2 ml LB broth overnight and amplified
to the cell concentration of
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followed by purification with the rapid minipreparation
method. The success of transformation was verified by agarose gel electrophoresis, (see
figure 8). Large scale purification by CsCl density gradient ultracentrifugation was then
performed. The purity of each probe was checked in the same way by electrophoresis on
1% agarose gel with restriction endonuclease digestion. Figures 8 and 9 show the probes
obtained by large scale purification.
Table 4. Transformant count on MaC and LB plates
1 2 3 4 5
C11P11 YN5.48 L5.62 EF 5.44 Blank
Mac 10-1 TNTC 398 TNTC TNTC 0
10-2 TNTC 38 TNTC TNTC 0
10-3 TNTC 4 TNTC 42 0
LB 10-6 TNTC 608 TNTC TNTC TNTC
10-7 TNTC 55 TNTC TNTC TNTC
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Figure 8. Electrophoresis ofminprepared probe DNA. Lane 1 and 2 are marker DNA 1
kb ladderDNA andHind DI digested lambda. From Lane 2 to 7 are E coRI digested
C11P11, YN5.48, L5.62, EF 5.44 and YN1.
Figure 9. Large scale isolated EF 5.44 and YN 5.48 were digested by different
restriction enzymes. Lanes land 2 are markers. Lanes 3-7 are EF 5.44 and Lanes 8-11
are YN 5.48. They were cut by Hindm, PstI, EcoRI and BamHI respectively.
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Figure 10. CI 1P1 1, L5.62 and EF 5.4 4 purified cesium chloride untracentrifugation.
Lane 1-5 are CI 1P1 luncut, cut by EcoRI and Hindlll, Lane 6 and 7are uncut L5.62,
Lane 8 nd 9 are uncut EF5.44.
C' "*< /Mtf J-Ut H,.H
The concentrations of probes were measured by spectrophotometry at 260 nm and 280




DF = dilution factor
The purity is calculated by the ratio of 260/280; the ideal value should be 1.80. If the
ratio is lower than this value, contamination by RNA or protein is suggested. The






















260 nm 0.106 0.096 0.111 0.081 0.500 0.459 0.266 0.273
280 nm 0.065 0.064 0.097 0.075 0.274 0.254 0.174 0.166
Purity 1.63 1.5 1.14 1.08 1.82 1.81 1.53 1.64
Cone.
ug/ml
106 96 111 81 500 459 266 273
Most of the chromosome DNA we tested was kindly provided by Dr. B. Shannon
Danes except for a few that we isolated ourselves from fibroblast cell culture which
were also grown in Dr.
Danes'
lab. The chromsome DNA's are from several different
cell cultures which include normal fibroblast cells, colon cancer (CC), Gardner
syndrome(GS), adenomatous colon and rectum (ACR), and other cancer cells (OC).
The concentrations of these chromosome DNA's measured by spectrophotometry are
listed in table 6.
Table 6. The concentration o Chromosome DNA Isolated Tom Different Cell Cultures
NC CC GS ACR OC
260 nm 0.061 0.105 0.120 0.177 0.321
280 nm 0.043 0.049 0.055 0.094 0.157
Ratio 1.42 2.14 2.18 1.88 2.0
Cone, ug/ml 61 105 120 177 321
(3.2) Hybridizationwith Blugene Kit on nitrocellulose membrane
After large quantity of probe DNAs were available, we
labeled them with BRL
biotin: streptavidin conjugated enzyme system using nick translationmethod as described
in 2.7-A6. None of these probes including CllPll, L5.62, EF 5.44 and YN 5.48 generate
any positive
hybridization with the genomic DNA. With many repetitions we were still
unable to obtain positive hybridization signals except for control DNA. The control was a
sample of unlabelled plasmid DNA corresponding to the probe. Figures 1 1 and 12 are
typical of the results we got before and after hybridization.
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Figure 11. Taq I digested genomic DNA run on 0.8% agrose gel at 20 volts overnight.
Lanes 1 is lambdamarker, lanes 2-3 are NL, 4-7 are ACR, C, GS and CC. Lane 8 is






Figure 12. Nick translation labled CI 1 PI 1 probe only detected the control DNA on
nitrocellulosemembrane
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(3.3) Testing of the Factors that Could Affect the Efficacy ofDNA Transfer
Since the protocol failed to yield any positive hybridization signals we decided to
check some of the factors that could affect the procedures of Southern blotting. The
effects of transfer time, gel concentrations, the types ofmembrane were evaluated. As
the amount ofDNA transfered to the membrane is one of the crucial factors that could
affect the result of hybridization, we tested the different transfer times of different gel
concentrations with or without acidifying the gel to see how the efficacy of transfer was
affected. We found that, for traditional capillary transfer using a 1% agarose gel,
prolonging transfer time from 24 hrs to 48 hrs did not improve the efficiency of the
transfer. Generally 14 to 16 hr transfer was adequate and acid washing could facilitate
this a little bit. ( See figures 13, 14 and 15 ). If a 0.6% gel was used plus HC1 wash, DNA
can be transfered almost completely onto the membrane within 24 hours. However, 0.6%
gel was too fragile for overnight pressing. Therefore, use of a 0.8% agarose gel
overnight transfer seems to give the best results (see figures 16 and 17 ).
Figure 13. EcoRI digested ssDNA run at 1.0% agarose gel used for transfer. Lane 1 and
2 are Lambdamarker and I kb marker respectively. Lane 3-7 are EcoRI digested
salmon sperm DNA.
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Figure 14. Electrophoresis of ssDNA using a 1% agarose gel run overnight at 25 V. After
48 h transfer in 10 xSSC buffer there are still significant amounts ofDNA left on the
gel.
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Figure 15. 0.25 N HC1 depurination of the gel and transfer overnight did not improve
transfer too much using a 1 .0% agarose gel as most large size molecules are still
retained on the gel after restaining.
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Figure 16. 0.8% agarose gel electrophoresis used for tranferring of genomic DNA.
Lane 1 is lambda DNA marker. Lanes 2 to 8 are NLx2, OC x2, CC and ACR.
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Figure 17 shows that after overnight transfer of the gel in Fig 16, all DNAs are
completely moved onto the nylon membrane as no DNA is left as detected by ethidium
bromide restaining.
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Another factor we tested was to see whether a nylon membrane which can retain big
DNA molecules could improve the result. So we switched to Immobilon which is non-
charged nylon membrane. Nylon membranes have higher DNA binding capacity than
nitrocellulose and higher resilent strength. Among many failures, we got one unexpected
positive result by CI 1P1 1 which hybridized with all NL, ACR, OC, GS and CC
chromosome DNA cut with Hindlll at the same molecule size level. Figures 18 and 19
show this result. However, after this we could not repeat this positive result. This can be
seen in figure 20. We assumed that BRL biotimstreptavidin conjugated enzyme system
isn't sensitive enough to detect mammalian DNA mutations. So we decided to try another
nonradioactive detection system: chemiluminescence.
Figure 18. The electrophoresis ofHindlll digested chromosome DNA. From lane 1 to
6 are NL, ACR, OC, GS and CC.
A MR k 6& .
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Figure 19. Polymorphisms detected using CllPll as a probe and the BRL Blugene
system on uncharged nylon membrane. Since the probe binds to the same size of




Figure 20. With BRL blugene kit only control DNA show bands using CI 1P1 1 as a probe
on nylon membrane.
3-4. Chemiluminescent detection system
To enhance the sensitivity of random
primer extention labeling, the insert and
vector of CI 1P1 1 probe was separated by EcoRI digestion ( see
figure 21).
Thereafter, 3.6 Kb insert was
purified according to the
method described in chapter
2 B-a section. The concentration of
CllPll insert based on the gel electrophoresis
is about 25-30 ug/ul. (figure 22).
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Figure 21. CI 1P1 1 digested by EcoRI shows 3.6 kb insert and 2.9 kb vector.
Figure 22. CI 1P1 1 insert purified from agarose gel which is
used for random primer
extension labeling.
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The CI IP 1 1 insert and control DNA ( provided by the manufacturer ) were labeled
by random extension. As we used about 300 ng-600 ng probe DNA and incubated for 20
hrs, the amount of biotinylated probe concentration could reach 350 ng-450 ng. The final
volume of biotinylated DNA is 20 ul, the probe concentration is about 20 ng/ul
(400ng/20ul). The quality of labelling was checked by dot blot analysis along with
prelabeled biotinylated probe in the kit using chemiluminescent detection system. After
six serial dilutions were made, each set of spots contain approximately 2 ng, 200 pg, 20
pg, 2 pg, 200 fg, 20 fg ofDNA. The signal of our labeled CI 1P1 1 probe is stronger than
manufacturer's control DNA. This result can be seen from figure 23.
#
Figure 23. Dot blot of random primer labeled probe
DNA. Lane 1 is control DNA and
lane 2 is prelabeled DNA. Both were provided by manufacturer. Lane 3 and
4 are
CllPll labeled with chemiluminescent kit.
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Using labeled probe CllPll, we repeated Southern blotting several times, but no
hybridization band could be detected on genomic DNA.We further labeled probe L5.62
and YN5.48 and EF 5.44. The dot blot showed fairly strong labeling. But the
hybridizations were still negative. The hybridization results are not shown here. For
labelling results see dot blot on figure 24.
Figure 24. Chemiluminescent detection of Probe DNA on dot blot. Lane 1-3 from left to
right are L5.62, YN5.48, and EF 5.44 respectively. Lane 4 is prelabeledDNA, Lane
5 is control DNA. They were used to check the labeling procedure. The concentration




(3.5) Southern Blot with 32p radioactive labeling of DNA probe
32P radioactive labeling to detect RFLP changes on genomic DNA is a popular
method being used in most labs. To compare the detectabilty, we labeled a few probes
with 32p and developed the film according to procedure in 2.8-4. The bands can be
observed in most of the membrane. Figure 25 shows one of the results.





In this study, probe DNAs which mapped to the APC locus on chromosome 5q21-22
were successfully amplified and purified. They were effectively labeled by either nick
translation or by random primer extension method. The two nonradioactive detection
systems biotin:streptavidin conjugate enzyme system and chemiluminescent-based
system were used to check the hybrid by polymorphic probes on either nitrocellulose or
nylon membrane. Theoretically, for chromogenic detection of alkaline phosphatase
(APase), using BCE7NBT and polymerized APase were able to detect 0.5 fmol of
biotinylated nucleotides on nitrocellulose. Based on our results, with BluGene kit we
were not able to get any positive signal utilizing nitrocellulose membrane and also it was
very brittle. We considered it not suitable for hybridization with human genomic DNA.
After changing to a nylon membrane, we did get one hybridization with CllPll probe
by colorimetric detection. This result may be related to the different binding capacity of
the two membranes. According to literature, the binding capacity of nitracellulose is five
times lower than nylon membrane, (nitrocellulose can bind DNA of 80
ug/cm3
and
Nytron, a nylon membrane, can bind 400 ug/cm3. Rogers et al 1993). However, the
positive result with BluGene kit was not reproducible, which does not warrant its
application for human genomic DNA analysis. After we switched to chemiluminescent
detection, effective probe labeling can be quantitated with dot blot. However, no
hybridization bands can be detected with any laleled probes. There are many factors
could affect the result of Southern hybridization. These include nicking ofDNA, transfer
procedure and probe labeling. The factors affecting transfer could be membrane quality,
molecular weight, transfer time, agarose selected, UV irradiation and
solution conditions.
As hybridization was achieved once, there was no doubt about the effectiveness of
transfer and labeling we achieved. It was not certain that, as
depurination could reduce
the hybridization signal finally obtained, if our failed detectablity was related to this. The
other possible reasons attributable to the negative
results with these two nonradioactive
systems could be as follows:
1. Optimal restriction enzyme digestion of genomic DNA;
2. Copy mumber of gene;
3. The complexity of genomic DNA;
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2. Copy mumber of gene;
3. The complexity of genomic DNA;
4. Sensitivity of the methodology.
According to statistics, if 80% of restriction enzyme sites are cut, only 64%
of fragments with the correct size are generated. The efficiency of restriction
endonuclease may be affected by the purity of DNA, methylation of nucleotides, DNA
form such as supercoiled or linear . That some sites are more difficult to cleave than
others causes the under-representation of certain restriction fragments in the digest and
on the gel. We tried prolonged incubation times for enzymes to get maximum digestion
of DNA. However, it was not certain how many correct sizes were produced. Even
though full digestion was achieved, the APC gene is a single copy gene. For single copy
genes, the sensitivity for detection is about 50-100 fold less because the lack the
repetitive consensus sequences (Sprecher et al 1993). Also, single copy genes from
chromosomal DNA are not 100% homologous with the probe; it is not that easy to get a
hybridization signal like multiple copy plasmid DNA. According to some authors, the
sensitivity for detection of low copy number genes can be improved by using multiple
probes, reducing the size of gel and membrane, which make DNA more compact;
optimizing the signal by selecting best hybridization condition ( Bennett P et al., 1993).
By following manufacturer's protocol, we didn't test these factors, so we are not sure
making these modifications could change detectability or not.
Few reports on detection of human genomic DNA loci with chemiluminescent system
were very satisfactory (Naber et al 1994; Sprecher et al 1993;). One of these was to detect
D2S44 locus, which is highly polymorphic and contains a repetitive consensus DNA
sequence. Another two were detecting the Philadelphia chromosome translocation and
plasminogen. The positive result reported with Millipore chemiluminescent kit was
detecting a genomic DNA PapA. 100 ng of labeled probe were sufficient to detect a single
copy gene of PapA. ( Sheffield et al., 1992). However, this is
a gene from bacteria, it is
not as complicated as human genomic DNA. So it is obvious that complexity of genomic
DNA can affect the result of hybridization.
There are two types of chemiluminescent nonradioactive DNA detection systems on
the market. One is a luminol substrate system, the other is dioxetane-based substrate. We
used the second one. According to the literature (Dubitsky et al 1992), these two systems
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yielded the same excellent sensitivity and low background. So we have no reason to
believe that the kit we used would produce inferior result. However, we were not able to
get any hybridization signal with Millipore chemiluminescent kit, and it is not
recommended to be used for human genetic analysis. Although our labeling results with
this kit was very good; highly sensitive labels do not guarantee sensitive assays. We
know that to obtain reliable hybridization, an excess of input probe is needed. So we tried
to add increasing amount of probe beyond that suggested by the manufacturer. This did
not make a difference. Some authors changed pH for the enzymatic dephosphorylation
step, and the speed and sensitivity can be significantly improved ( Bronstein 1 1990).
In this study, 32P radioactive labeled probes were used for hybridization to test the
detectability of the polymophism. Although no specific genetic alteration was identified
as polymorphisms, it is important to note that radioactively labeled probe can easily
detect the polymorphism bands on the membrane. It is suggested that the radioactive
labeling method is more sensitive than nonradioactive labeling system in detecting
chromosome polymorphisms.
Based our results, we suggest the use of radioactive labeling for human genomic
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